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Within  density  functional  theory,  the  magnetic  hyperfine 
properties  are  studied  for  a  model  molecule  representing  the 
heme  moiety  of  nitrosylmyoglobin  using  so  called  all-electron 
mixed  basis  method.  The  isotropic  hyperfine  parameters  are 
calculated  for  the  N  atoms  of  nitric  oxide  agent  and  proximal 
histidine  group  by  considering  various  values  for  Fe-N(NO) 
bond  distance  and  Fe-N-0  angle.  The  values  are  compared  with 
the  available  experimental  data  from  EPR  and  ENDOR 
techniques  in  order  to  predict  the  most  stable  structure  of 
nitrosylmyoglobin  at  low  temperatures. 
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In  addition  a  nitrogen  atom  from  a  histidine  R  group  located 
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Figure  1.  Model  of  helical  domains  in  myoglobin. 
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myoglobin,  may  play  a  significant  role  in  processes  either 
acting  against  oxidative  stress  [3  and  4].  Under  conditions  of 


myocardial  damage  or  reperfusion  of  ischaemic  heart  tissue,  the  production  of 


1  increase,  resulting  in  the  formation  of  so-called 
[5],  which  is  a  myoglobin  with  a  NO  attached  to  its  Fe  atom 
(see  Figure  2).  Nitric  oxide  bound  to  myoglobin  results  in  a  steady-state 
concentration  of  free  nitric  oxide  and  the  level  of  nitric  oxide  has  been  found  to 
*en  uptake  and  H202  release  in  the  heart  tissues  [6].  Also, 
Macrophages  are  thought  to  produce  NO  as  a  protective  agent  against  invasive 
parasites  [7]. 
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hyperfine  properties  of  this  molecule  [8-12],  However,  as  shown  in  Table  1, 
different  groups  have  reported  inconsistently  different  hyperfine  values  for  NY, 
the  N  of  NO  agent.  This  is  due  to  the  fact  that,  there  seems  to  be  a  structural 
transition  at  low  temperatures  in  which  the  NY-Fe-NE  axis,  approximately 
perpendicular  to  t  ie  heme  plane  at  room  temperature,  is  tilted  with  respect  to 
that  plane  when  the  temperature  is  lowered.  A  decrease  in  0-NY-Fe  has  been  also 
suggested  to  occur  at  low  temperatures  [8].  Such  changes  can  consequently 
affect  the  observed  hyperfine  spectra. 
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Table  1.  Experimental  values  ot  isotropic  hyperfine 
parameter  Aiso  (in  MHz)  for  N  and  N  in  nitrosylmyoglobin. 


Technique 

Temperature 

(K) 

Aiso 

15N, 

14Nt 

Reference 

EPR 

77 

±67 

- 

8 

EPR 

300 

±53 

- 

9 

ENDOR 

5 

±36.7 

±17.5 

10 

ENDOR 

10 

- 

±17 

11 
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to  examine  the  effect  of  changes  in  NY-Fe  bond  length  L  and  0-NY-Fe  angle  on  the 
hyperfine  properties  of  NY.  Our  calculations  are  based  on  local  spin  density 
approximation  (LSDA)  using  so-called  all-electron  mixed-basis  (AEMB)  method 
[13]- 

In  our  calculations  we  consider  a  relatively  large  cubic  supercell  with  a  side  of  16 
A.  The  integrations  in  reciprocal  space  are  carried  out  using  T  point  only.  For  the 
sake  of  simplicity  the  heme  part  of  myoglobin  is  modeled  by  a  hydrogen- 
terminated  molecule,  as  depicted  in  Figure  2.  We  adopted  the  coordinates 
reported  from  an  > -ray  diffraction  for  the  myoglobin  protein  [14].  As  regards  the 
nitric  oxide  part  of  nitrosylmyoglobin  structure,  we  have  performed  various 
electronic  structure  calculations  with  different  L  and  a  values.  The  isotropic 
hyperfine  parameter  AiS0  is  then  calculated  for  15NY,  14NE  and  57Fe  of  each 
configuration. 

Table  2  summarizes  the  calculated  results  for  total  energy,  AiS0  and  the  energy 
difference  between  the  highest  occupied  molecular  orbital,  and  the  lowest 
unoccupied  molecular  orbital,  defined  as  HOMO-LUMO  gap,  for  each 
configuration  S.  A  comparison  between  Table  1  and  Table  2  shows  that,  the  AiS0 
values  obtained  for  NY  and  Ne  in  configurations  5,  S5,  agree  well  with  the 
corresponding  experimental  ENDOR  data  observed  at  5  K.  Interestingly,  the  S5 


Table  2.  Comparison  of  total  energy,  HOMO-LUMO  gap  (in  ev)  and  isotropic  hyperfine  parameter 


(in  MHz)  obtained  fot 

1  nitrosylmyoglobin  with  different  geometrical  parameters  L  and  (}.  the  ft- 

Structure 
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L 
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Total  energy 

HOMO-LUMO 

Isotropic  Hyperfine  parameter 

lsNy  i«n  S7Fe 

1 

1.74 

112 

-62212.87 

0.024 

-21.36 

5.56 

5.98 

2 

1.74 
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0.006 

-40.83 

8.37 

8.81 
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0.009 

3.19 
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7 
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has  the  lowest  tctal  energy  value  among  the  other  configurations.  In  other 
words,  it  is  pro  Dab ly  the  most  stable  structure  of  nitrosylmyoglobin  at 
temperatures  near  0  K. 

While  the  experiment  is  unable  to  specify  the  sign  of  AiS0  for  15NY  and  14NE,  our 
calculations  show  that  they  should  have  opposite  signs.  On  the  other  hand,  we 
know  that  the  nuclear  gyromagnetic  factors  of  15NY  and  14NE  are  -0.566  and 
0.404,  respectively.  Accordingly,  one  can  conclude  that  the  sign  of  the  spin 
density  at  1SNY  and  14NE  nuclei  should  be  the  same.  The  respective  AiS0  values  of 
35.37  MHz  and  -14.16  MHz  indicate  that  the  spin  density  is  more  localized  at  the 
vicinity  of  15NY  nucleus  than  at  the  vicinity  of  14NE  nucleus.  In  Other  word,  the  NO 
agent  seems  to  be  more  substantially  spin-polarized  than  the  proximal  histidine 
group. 

In  conclusion,  our  calculations  for  nitrosylmyoglobin  revealed  that  the  isotropic 
hyperfine  parameter  of  15NYis  extremely  sensitive  to  the  Fe-15NY-0  angle  and  to 
the  Fe-15NYbond  distance.  Based  on  our  calculations,  the  respective  values  of  1.74 
A  and  150  were  predicted  for  L  and  a.  The  spin  polarization  turned  out  to  be 
more  substantial  on  15NY  than  that  on  14NE. 
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